Two new species with violet staining milk and related to Lactarius aspideus (Fr. : Fr.) Fr. are described from Fennoscandia: L. flavopalustris Kytöv., spec. nova and L. flavoaspideus Kytöv., spec. nova. The distribution of each species is mapped, and their taxonomy, ecology and relationships are discussed.
Introduction
According to Heilmann-Clausen et al. (1998) Lactarius section Uvidi (Konr.) Bon, subsection Aspideini Singer, consists of seven species in Fennoscandia. One of them: L. flavidus s. Korhonen, also presented in Korhonen (1984) , has long been known in Finland, but still it has been without a valid name. During the study an additional species appeared to be present in the group.
Material and methods
A total of about 310 collections were studied, and 240 were identified to be the species studied here. Most of the author's collections (about 80 specimens) were gathered in Finland, Sweden and Norway during the years 1979-1989 (deposited in H) . The collections of Lactarius aspideus, L. flavidus, L. salicis-herbaceae and L. salicisreticulatae held in H, TUR, TUR-A and OULU were also included. The acronyms follow those used by Holmgren et al. (1990) .
Macroscopic characteristics were observed from fresh fruitbodies and several collections were used for the descriptions. Some collections were also photographed in fresh condition.
Microscopic characteristics were examined with a light microscope (Leitz Laborlux 12) at magnifications of about × 625 and × 1560. Spores were examined from the surface view of pieces of gills of dried basidiomes and measured with an ocular micrometer. Only mature spores in a perpendicularly lateral position were measured. Young, anomalous, very small or gigantic spores were excluded. Mostly 20 spores per specimen (13-50 in few cases) were measured from one fruitbody (12-16 collections per species). The spore surface ornamentation was excluded in the measurements; length and width were measured from the same spore and the length/width ratios (Q-value) were calculated for individual spores. Cystidia were examined and drawn at the same magnification from the same slides (6 collections per species), and measured with an ocular micrometer and from the drawings.
A few collections (L. Kytövuori 89-1166 , Kytövuori 90-2049 were sequenced to determine the ITS sequence of each species (for method see Kytövuori et al. 2005a , where it was very successful with Cortinarius). However, the procedure was less successful with these Lactarius collections and only a partial ITS sequence of L. flavopalustris Kytövuori 07-142 was obtained.
The vegetation zones of Fennoscandia are given according to Ahti et al. (1968) and the biological provinces according to Knudsen and Vesterholt (2008) . For a survey of the geology of Fennoscandia, see Hultén (1971: 38) .
The illustrations are those of the author. ellipsoideae ad subglobosae, ornamento amyloideo non reticulato. Pleuromacrocystidia aliquot abundantia, anguste fusiformia. Cheilomacrocystidia abundantissima, anguste fusiformia. In Fennoscandia calciphilus, in Larger and more robust than the other species treated here. Pileus 4.5-13 cm, plano-convex when young, later plano-depressed, pale citrine yellow to bright yellow, evenly coloured or somewhat more ochre and darker at the disc, mostly very weakly zonate with obscure concentric rows of ochre watery spots or zigzag pattern, glabrous at the margin even when young to very weakly, shortly hairy, very slimy. Lamellae fairly crowded, 55-85 reaching the stipe, 1-4 lamellulae between each, slightly decurrent, whitish to pale pinkish buff when young, later pale violet buff, straight, seldom forked. Stipe 3-11 cm long, 1-2(-2.5) cm thick, mostly unsymmetrical, often thickest at the middle part and slightly tapering to the base and to the top, yellow (concolorous with the pileus), strongly slimy, evenly coloured or weakly scrobiculate with obscure ochre spots, hollow often with a large cavity when old. Milk abundant, white, not changing colour in itself, but slowly staining the bruised areas violet (not dark), mild, mostly with weakly bitter aftertaste (Fig. 1) .
Lactarius flavopalustris
Spores 7.7-9.3(-10.2) × 6.1-7.3 μm, Q -= 1.20-1.44 (333 spores, 17 specimens), x -= 8.0-9.2 × 6.4-6.8, Q -= 1.25-1.36, broadly oblong ellipsoid to subglobose, with an amyloid, fairly coarse ornamentation of strong ridges, elongated warts and very small warts up to 1 μm high, not forming a reticulum, pale background fairly largely exposed, plage fairly small, mostly inamyloid, weakly amyloid in some spores (Figs. 5 and 6) . Pleuromacrocystidia abundant, fusoid, large, 66-93 × 9-14.5 μm (119 cystidia, 6 specimens), with greater part embedded in the hymenium, with the widest point near the top level of the basidioles, projecting up to 40 μm above the basidioles, apex mucronate, sometimes moniliform, mostly less acute than in the two following species, contents mostly fairly strongly granulose and/or with globose oil droplets. Pseudocystidia scanty, 3-6 μm thick. Cheilomacrocystidia very abundant, large, but smaller, more slender and more acutely pointed than the pleuromacrocystidia, 35-80 × 6-11 μm (107 cystidia, 6 specimens, Fig. 7 ). Marginal cells clavate to cylindrical, 10-25 × 4.5-8.5 μ m. Basidia 4-spored, clavate, 40-55 × 9.5-12 μm (59 basidia, 6 specimens). Pileipellis an ixocutis with a very thick slime layer. Exsiccates: pileus straw yellow to pale yellow ochre, with yellow brown to brown disc, stipe pale yellow ochre, sometimes more brownish at the base, the clear slime layer of the stipitipellis 50-80 μm thick. Ecology and distribution: Lactarius flavopalustris is an exacting species most often growing in eutrophic damp grass-herb mixed forests dominated by Picea abies, along margins of eutrophic spruce-hardwood swamps and with trees and bushes in such swamps. It is not dependent on Salix species. Maybe the main associate is Betula but Salix species are often present, too. It is completely missing from man made habitats. The distribution of Lactarius flavopalustris is typically boreal, even though the southernmost occurrences are known in the hemiboreal zone and one collection is known from above the tree line in the fjeld (Fig. 4) . The optimum is distinctly in the middle and northern boreal zones. The species is rare in most of its distribution area. In some eutrophic and limerich areas, e.g. in the Kuusamo, and TornioRovaniemi areas in North Finland, and in Jämt-land and parts of Lappland in Sweden, it can be locally more common.
Discussion: Usually Lactarius flavopalustris is very easily distinghuished from the other two species treated here, by its larger and brighter yellow basidiomes and different habitat. It can resemble L. repraesentaneus and the yellow species of the section Scrobiculati. From the former it differs by the smaller size and glabrous cap margin, from the latter by the mild milk, staining the bruised areas violet contrary to the hot and yellow-turning milk of those. Exsiccates are best distinguished by the abundant, large cheilomacrocystidia -in the Scrobiculati group cheilomacrocystidia are practically absent. Korhonen (1984) reports the spores of L. flavidus s. Korhonen to be distinctly larger, this is because his material is a mixture including L. flavoaspideus.
Lactarius flavidus Boud., too, have large fruitbodies but those are paler in colour, less slimy, have an acrid taste and the staining is very strong. That species grows in temperate to hemiboreal deciduous forests on mull soil and is completely lacking in the boreal zone.
Because no name has been allocated to the present, conspicuous, northern species, the new name, Lactarius flavopalustris, is applied here. The epithet refers to the yellow colour and the most typical habitat of the species. Fig 2) .
Pileus 2-5(-7.5) cm, convex-depressed when young, soon plano-depressed, pale citrine, paler than in L. flavopalustris but distinctly brighter yellow than in L. aspideus, not darker at the disk, very weakly zonate with obscure watery zones, margin very weakly densely hairy when very young, soon glabrous; thinly slimy. Lamellae moderately close, 30-50 reaching the stipe, 2-7 lamellulae between each, adnate to weakly decurrent, white to very pale pinkish buff, straight, mostly not forked. Stipe 1.5-5 cm long, 0.4-1.1 cm thick, of even thickness or weakly clavate, mostly unsymmetrical, pale citrine as the pileus, not spotted, more whitish at the top, thinly slimy. Milk white, not itself changing colour, but slowly staining the bruised areas violet (not dark), mild with a slightly bitterish aftertaste or not (Fig. 2) . Spores 8.4-10.2 × 6.3-7.9 μm, Q -= 7) . Marginal cells clavate to cylindrical, 10-25 × 5-7 μm. Basidia 4-spored, clavate, 42-60 × 9-12 μm (52 basidia, 10 specimens). Pileipellis an ixocutis. Exsiccates: pileus yellow ochre, the disc not darker or brown, stipe paler than the pileus or brownish at the base, the clear slime layer of the stipitipellis mostly 20 -50 μm thick.
Ecology and distribution:
The species grows in mixed hardwood thickets associated with different Salix species. Mostly the habitats are somewhat damp and half of the known collections are from alluvial thickets along rivers or lakes. One collection is from the foot of a low hummock under a small Salix phylicifolia in a fairly open, oroboreal valley bottom. Some collections are from southern Salix thickets mixed with Alnus incana and Betula. Except the oroboreal habitat, the dominating Salix species has been S. myrsinifolia. Altogether the species seems to grow in more natural habitats than L. aspideus. As to the nutrient conditions L. flavoaspideus seems to be somewhat, but not strongly exacting. The range of Lactarius flavoaspideus reaches from the northern part of the hemiboreal zone to the upper oroboreal zone (Fig. 8) . The species seems to be fairly rare at least in the southern part of its range. Maybe it can be commoner in the north and in the upper levels when considered that the fungus collections from there are scanty on the whole.
Discussion: Systematically Lactarius flavoaspideus is situated between the species L. aspideus and L. flavopalustris. It resembles the former in the size and external appearance, but differs by its brighter yellowish colour, more slimy fruitbodies, larger and more elongated spores and different spore ornamentation. Differences were best revealed when analysing mixed collections from Lohja in South Finland (H. Harmaja during three years) and Juankoski in Central Finland (Kytövuori during two years) . Also the ecology is mostly somewhat different. From L. flavopalustris it differs by its smaller size, mostly paler colour, somewhat larger and differently ornamented spores and different ecology. The basidiomes are smaller than in both the other two.
In the north and in fjeld areas Lactarius flavoaspideus can be confused with the arctic alpine yellow species L. salicis-reticulatae and L. salicis-herbaceae. Especially the former may be similar with its citrine colour, but the gills are cream and more distant and the spores larger. The latter has more brownish yellow colours and larger, reticulate spores.
In North America the stirps Aspideus is small, only three species are presented by Hesler and A.H. Smith (1979) . Two of them are very different from Lactarius flavospideus, but the third, L. aspideoides Burlingham, is more like that. However, the gills "pale yellow (about concolorous with the pileus in age)" (Hesler & Smith 1979) points to a very pale cap colour or very deeply coloured gills, both in distinct contradiction with my material. Also the spores seem to be smaller and fruitbodies larger than in my material (type not seen).Thus a new name, L. flavoaspideus is selected for the species described here. The epithet refers to the yellow colour and similarity to the well-known species L. aspideus. (Finland, Uusimaa, Porvoo, Kytövuori 89-1166, H) Korhonen (1984 ): 124, Ryman & Holmåsen (1984 ): 559, Heilmann-Clausen et al. (1998 ): 97, Salo et al. (2006 : 35.
Pileus 2-8(-10) cm, convex-depressed when young, later plano-depressed, at the margin weakly velutinate when very young, soon glabrous; whitish alutaceous to pale brownish yellowish, mostly evenly coloured, sometimes a bit more brownish at the disc and/or weakly watery zonate at the margin, viscid (to thinly slimy), fairly soon almost dry. Lamellae somewhat distant, 35-46 reaching the stipe, 1-6 lamellulae between each, straight, usually not forked, 3-7 mm high, adnate to weakly decurrent, whitish to pale buff. Stipe 2-7 cm long, 0.6-1.3(-1.8) cm thick, of even thickness to weakly clavate, mostly unsymmetrical, solid to hollow with a narrow cavity, pale yellowish buff, evenly coloured or brownish at the base, viscid, soon almost dry. Milk white or very pale yellowish, not itself changing colour, but staining the bruised areas (dark) violet, mild with a slightly bitterish aftertaste or not (Fig. 3) . Spores 7.9-9.5 × 6.3-7.9 μm, Q -= 1. 7) . Marginal cells clavate to cylindrical, 12-25 × 4.5-6.5 μm. Basidia 4-spored, clavate, 45-63 × 10-12 μm (79 basidia, 6 specimens). Pileipellis an ixocutis. Exsiccata: pileus alutaceous to pale brownish, sometimes more brown at the disc, yellowish shades mostly disappeared, stipe of the pileus colour or more brown, the clear slime layer of the stipitipellis at most 20 μm thick. Ecology and distribution: Lactarius aspideus is typically a species of man-made hardwood thickets round fields and gardens and along roads and in parks and abandoned house sites, mostly on bare mull soil. The main mycorrhiza partner is Salix caprea, but it can grow with some other Salix species, too, e.g. S. myrsinifolia or S. cinerea. Sometimes it grows among grasses (Poaceae) and at least two collections are from an uncut hayfield several metres from a Salix caprea bush. It is fairly common in South Finland, but towards the north it is distinctly rarer (Fig. 9) . It is also reported from Ahvenanmaa, Etelä-Karjala and Koillismaa, in the latter at least five collections, in Kytövuori et al. (2005b) , but any correctly determinated L. aspideus specimens have not been found. The season of Lactarius aspideus is exceptionally long, in South Finland it reaches from the early June to early November.
Discussion: When the two first species above are separated from Lactarius aspideus, the rest seems to be still somewhat heterogeneous. The size of fruitbodies and the size of spores are very variable. Also the colour of the fruitbody varies from very pale to brownish, especially in dried fruitbodies. I have been compelled to exclude some specimens from the present concept of the species.
